Abstract -The photochemistry of retinal, synthetic model retinals and the rhodopeins formed from these retinals has been studied with the purpose of securing Information which allows a clearer picture to be obtained of the intermediates and steric requirements of the opsin receptor site. The retinals were separated by hplc and their structures elucidated by pmr spectroscopy. Single photon two bond isomerizations have been observed in some cases. The 11, 12-dihydroretinal is capable of binding to opsin to give a rhodopsin which is not bleached by light under normal conditions. All of our studies described below were carried out with bovtne opsin. Since the pioneering studies of Wald and Hubbard (1952), it is now understood that the visual pigment rhodopsin, molecular weight ca. 4C, 000, contains 11-cis retinal as the chromophore, which is bound via a protonated Schiff base to the lysine terminal amino group in opsin. Rhodopsin absorbs at 500 nm and hence is orange-red colored. Upon Irradiation with light, a fast photochemical reaction takes place, and this is followed by a rapid series of thermal reactions going through various intermedia:ry stages to yield all-trans retinaland the apoprotein opsin as the final products ( Figs. 1 and 2) . Since the absorption maxima of the products are at 380 nm and 270 nm, this decolorization process is called bleaching, 
CHO
The main purpose of our studies is to secure a clearer picture of the intermediates and the steric requirements of the opsin receptor site by studying the Isomers by hplc. A hexanelether solvent system and 5-10 micron glass beads coated with sßica affords satisfactory separation. However, the drawbacks of this system are the severe limitation imposed on the quantity of retinals which can be separated by one run (1-2 mg), and the damage caused by contaminant detergents when the retinals originate from detachment of rhodopsins. We have recently been able to achieve gram scale separation of retinals and intermediates by usage of pressurized prep columns (9) (Waters Assoc. ). The usage of "micro-CN" colunms bas also made it possible to pass detergents through the expensive hplc columns without damaging them (10) . The advantage of these columns is that after separation of retinals by conventional solvente, the absorbed polar detergents can be washed out with aqueous methanol by using the column packing in the reverse phase mode.
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----: Light -:Thermal Fig. 2 Series of thermal reactions Tbe retlDals thus separated are then submitted to extensive pmr studies at 220 MHz, 270 MHz (5) to clartfy the cls-trans nature of various double bonds. Tbe partlcular 14-methylretlnal series were used to show tbat (Flg. 3) the solutlon coDformatlon of 11-cls retlDal ls predomlnantly 12-s-cls (by uv), (2, 4) as theoretlcally predicted by Honig andKarplus (1971) (11) and shown spectroscoplcallyby nmr (15) and by resonance Iaser Baman (7) . In rhodopsln however, the 11-cls retlnal chromophore appears to adopt a shape closer to the 12-s-trans form (2, 4, 7 Flg. 5 A .ooobleachable rhodopsin absorbing at.350 nm instead Of 500 :am (13) .
Although the synthetic 11-dihydroretinal Isomers (four have been separated by hplc) have as j>et not . been tested individually for their binding properties with opsin, the mixture of four isomers has been shown to bind with opsin to afford a pigment absorbing ca. 345 nm, cd ca. 350 nm. Since 11-cis, 9-cis, and 9, 13-dicis retinals (3) all bind with opsin, it is quite possible that all four of the dihydroretinals, presumably all-trans, 9-cis, 13-cis, and 9, 13-dicis, will form plgDtents, too. The chromophore is apparently flexible enough to adopt a shape close to 11-cis when it binds to the protein.
The pigmerit is interesting in that it is the first non-bleachable rhodopsin, i. e. photostable, and hence will allow basic pigment studies to be carried out in the light arid at room temperature instead of darkor liquid nitrogen c:ionditions. Also a correlation between the 233 nm enone uv absorption and the 345 nm band of the pigment will u.odoubtedly contribüte to the clarification of the origin of the 500 nm rhodopsin band (it is not understood why the protonated Schiff base band at 440 nm in retinylidenebutyl amtne is shifted to 500 nm in rhodopsin).
all-trans The hplc method descrlbed in Fig. 4 is directly applicable to product analysis of retinal and rhodopsin photochemistry. Direct photoisomerization of retinal Isomers were studied in 3-MP and methanol. It was found that within experimental error, all cis Isomers have similar quantum yields which are 4-5 times lower in the polar solvent methanol. In spite of the solvent effects, bonds which undergo isomerizations are the cisdouble bonds and the terminal13-ene. The one photon/one double isome rization assumption applies to this class of pol~nals. 1) All-trans retinal underwent no detectable triplet isomerization.
ii) Tbe quantum yields of all-trans and 11-cis are essentially identical to values reported by Rosenfeld, et al. (14) in bexane when biacetyl or bipbenyl are used as sensitizers.
Ui) Addition of oxygen has no measurable effect upon tbe quantum yield of 11-cis, as reported previously (14) .
iv) Formation of tbe all-trans isomer from the 9,13-dicis isomer is presumably due to a secondary photoreaction. A steady state mixture of trans:13-cis:9-cis-66:23:11 was generated with tetraniethyl-1, 2-dioxetane. Ullder the conditions shown, i. e., a single 300 nsec Iaser pulse (460 nm in Ammonyx-L), trans retinalis the predominant isomer from all three rhodopsins. The formatlon of all-trans from 9, 13-isorhodopsin is probably a one-photon/two-bond isomerizatlon in spite of the shorter llfe-time of excited rhodopsin as compared to that of the Iaser. pulse. The reasons for this assumptlon are: (1) only 50% of the pigment was bleached ; (2) the nurober of photans aDd molecules was approximately equal; and (3) ldnetlc studies (3) conclude that it is a one photon process. Thls applies to the photochemical results as well. Of the four detergents tested, the nonionic micelies Triton X-1-0 and A-LO, in contrast to the cationic micelies CTAB and NaDOC, give none or only a small amount of cis retlnal. It is only Triton X-100 which gives, slmllar to natural ungenerated rhodopsin, the trans retlnal as the sole product. Here again the questlon of multiple photon events becomes relevant ; however, in additlon to the reasons given in Fig. 4 , the fact that in Triton X-100 no cis retlnals were formed favors a one-photon/two-bolld isomerization.
PULSED LASER EXCITATION OF RHODOPSIN
It is clear that the environment alters the rhodopsin shape and consequently the protein-chromophore lntereaction, as reflected in the differences in photoproducts.
TRIPLET SENSITIZED ISOMERIZATION OF RHODOPSIN IN TRITON X-100 at oo C. No denaturation no i5omerization
Flg~ 11. Therma.J.ly generated triplet sensitization of rhodopsin (8) .
Rhodopsin is thermally decomposed at 36" C, i. e., the temperature which induces tetramethyldioxetane to yield triplet acetone. Hence, trimethyl-1, 2-dioxetane, which thermally decomposed to triplet excited states at temperatures where rhodopein is thermally stable (ca. .o• C) was used. The pigment was completely bleached in the dark by this trimethyldioxetane, the products being a mixtuze of 9-c is and all-trans (product ratio is unimportant since multiple isomerizations could have occurred).
As shown in Fig. 11 , all control experiments led neither to denaturation nor bleaching of rhodopsin. Since trimethyl-1, 2-dioxetane forms excited state acetone with an efficiency of ca. 10% and has a triplet/singlet ratio greater than 300, it is clear that, besides permeation of dioxetane into the protein, rhodopsin undergoes a triplet sensitized decomposition to retinaland opsin, similar tothat observed for direct excitation. However, it is not clear whether the triplet state is involved in the photoisomerization process upon direct excitation of visual pigments.
